A B S T R A C T It has been proposed previously that the metabolic defect in pseudohypoparathyroidism which accounts for parathyroid hormone unresponsiveness is an absence or abnormal form of the adenyl cyclase system in kidney and presumably in bone. To determine whether there is an associated defect in the response mechanism to cyclic adenosine 3',5'-monophosphate (cyclic AMP), the effects of parathyroid extract (PTE), and dibutyryl cyclic AMP were compared in patients with either surgical hypoparathyroidism or pseudohypoparathyroidism. PTE and dibutyryl cyclic AMP both increased serum and urinary calcium, lowered the serum phosphorus, and increased urinary phosphorus in patients with hypoparathyroidism. PTE also increased urinary cyclic AMP in these patients. PTE increased serum and urinary calcium and urinary phosphorus but did not alter serum phosphorus or urinary cyclic AMP in the patients with pseudohypoparathyroidism. Dibutyryl cyclic AMP increased the serum and urinary calcium, lowered the serum phosphorus, and increased urinary phosphorus in all the patients with pseudohypoparathyroidism. The results indicate that (a) dibutyryl cyclic AMP can reproduce the effects of parathyroid hormone on calcium and phosphorus metabolism in man, (b) the response mechanism to cyclic AMP appears to be intact in pseudohypoparathyroidism, and (c) PTE apparently produces some of its characteristic effects on calcium and phosphorus metabolism in pseudohypoparathyroidism in the absence of an increase in urinary cyclic AMP.
INTRODUCTION
Pseudohypoparathyroidism (PHP)1 is a disease in which resistance of the kidneys and skeletal system to parathyroid hormone (PTH) may occur alone or in association with other congenital abnormalities (1-3). These include short stature, round face, short phalanges, metacarpal or metatarsal bones, exostoses, radius curvus, mental retardation, and expressionless face (1) (2) (3) . It has been proposed that the metabolic defect is an inability of the adenyl cyclase system in the kidney to respond to parathyroid hormone (PTH) (4) . It is assumed that the same defect exists in bone. Thus, whereas PTH regularly increases the urinary excretion of cyclic adenosine 3',5'-monophosphate (cyclic AMP) in normal subjects and in patients with hypoparathyroidism (HP), it has little or no effect in patients with PHP in this regard.
To determine whether the response mechanism to cyclic AMP is intact in PHP, the effects of parathyroid extract (PTE) and of dibutyryl cyclic AMP on calcium and phosphorus metabolism The effects of dibutyryl cyclic AMP and PTE in pseudohypoparathyroidism. In patient J. B., dibutyryl cyclic AMP, 3 mg/kg per day (Fig. 2a, days 5 through  7) , changed serum calcium very little, lowered the serum phosphorus, and increased urinary calcium, phosphorus and cyclic AMP. Mean CP increased markedly (Table II) . PTE, 12 U/kg per day (days 12 through 14), increased serum and urinary calcium, increased urinary phosphorus, and did not change serum phosphorus or urinary cyclic AMP. There was a slight increase in mean CP which was not significant.
In patient J. C., dibutyryl cyclic AMP, 3 mg/kg per day (Fig. 2b, days 5 through 7) , increased serum and urinary calcium, lowered the serum phosphorus, and increased urinary phosphorus and cyclic AMP. Mean CP also increased significantly (Table II) . PTE, 12 U/kg per day (days 12 through 14), increased serum and urinary calcium, increased urinary phosphorus, but did not change urinary cyclic AMP. Serum phosphorus had decreased by the end of treatment (days 15 and 16) but it is not clear whether this occurred spontaneously or resulted from the PTE. There was a modest but significant increase in mean CP.
In patient F. N., dibutyryl cyclic AMP, 3 mg/kg per day (Fig. 2c, days 5 through 7) , increased serum and urinary calcium, lowered the serum phosphorus, and increased urinary phosphorus and cyclic AMP. Mean CP increased significantly (Table II) . PTE, 12 U/kg per day (days 12 through 14), increased serum and urinary calcium, increased urinary phosphorus, but did not change serum phosphorus or urinary cyclic AMP. Mean CP also increased with PTE but not as much as with dibutyryl cyclic AMP.
Thus, the characteristic effects of PTE on calcium and phosphorus metabolism were readily produced by dibutyryl cyclic AMP in each of the patients with PHP and were comparable with those occurring in the patients with HP. PTE did increase serum and urinary calcium and urinary phosphorus, but did not change urinary cyclic AMP or serum phosphorus. Whereas PTE was as effective as dibutyryl cyclic AMP in increasing mean CP in HP it was much less effective in this regard in PHP.
All patients showed increases in pulse rate when the dibutyryl cyclic AMP was infused. The drug was generally well tolerated. However, one patient, K. T., developed anorexia and nausea on the 1st day of treatment. These symptoms were eradicated when the dose was cut in half. DISCUSSION There are at least three lines of evidence which support the view that the effects of PTH on bone and kidney are mediated through the adenyl cyclase system. First, PTH activates adenyl cyclase in both rat kidney (7, 8) and rat skeletal tissue (9) and increases urinary cyclic AMP in man (4, 10) and laboratory animals (11) . Second, PTH stimulates the accumulation of cyclic AMP in fetal rat calvaria (12 (17) .
The present findings in patients with surgical HP provide further evidence that the effects of PTH on calcium and phosphorus metabolism can be reproduced in man with dibutyryl cyclic AMP (16) . They also suggest that the cellular response to cyclic AMP in this regard is present in PHP. Thus, the defect in these patients appears to be limited to the adenyl cyclase system in the PTH-sensitive target organs. As already noted, it cannot be determined with certainty whether the lesion is an absence or abnormality of the enzyme, the receptor for PTH or both (4 The effects of DB-CAMP and PTE on serum and urinary calcium (Ca) and P and on urinary cyclic AMP in patient F. N. (2c) with pseudohypoparathyroidism. In J. C. (2b), urinary Ca was less than 1 mg/day on days 1 through 5, 10, 11, and 15 through 18.
That the response mechanism to cyclic AMP is intact in PHP is of more than theoretical interest. It is possible that derivatives of cyclic AMP could be developed for use in the treatment of both PHP and HP. Similarly, inhibitors of the enzyme phosphodiesterase, which converts cyclic AMP to adenosine monophosphate, might also be utilized to increase intracellular cyclic AMP in patients with HP or PHP who have an incomplete defect. Such treatment could be of particular value in patients with abnormal elevation of the serum phosphorus.
Each of the three patients with PHP appeared to have a renal defect as regards the PTH-activated adenyl cyclase system. With PTE there were no increases in urinary cyclic AMP (normally, the increase in urinary cyclic AMP after PTE is of renal origin [10] ), serum phosphorus changed either equivocally (patient J. C.) or not at all (patients J. B. and F. N.) (it fell in each of them with dibutyryl cyclic AMP). As noted already, changes in mean CP were considerably less with PTE than with dibutyryl cyclic AMP. There were no transient decreases in urinary calcium to indicate an augmentation in the renal tubular reabsorption of calcium (18, 19) . In contrast, this effect of PTE on urinary calcium was clearly demonstrated on the 1st day of PTE administration in both patients with surgical HP (Fig. la, day 5 and Fig. lb, day 12 ). This effect of PTE is a highly reproducible one in HP (19) . No transient decrease in urinary calcium was demonstrated with dibutyryl cyclic AMP in any of the patients with PHP or HP. Since urinary calcium can be augmented by sodium infusion (20) , such a decrease could have been obscured by the saline used to administer the cyclic nucleotide which could have inhibited the tubular reabsorption of calcium. The saline in this manner could have accounted for some of the increases in urinary calcium. However, increases in urinary calcium persisted after the infusions and were also usually associated with increases in serum calcium.
On the other hand, PTE, in the dose given, augmented serum and urinary calcium and urinary phosphorus in each of the patients with PHP. It is possible that smaller doses would not have elicited these responses and that these patients are relatively refractory and not absolutely refractory to PTE or PTH (3) . These changes apparently resulted from enhanced bone resorption and increased Cp. The increases in urinary phosphorus were not accompanied by falls in serum phosphorus, as noted already, and were generally associated with increases in serum and urinary calcium. It would appear that there are at least two possible explanations to account for the PTE responsiveness of osseous tissue in PHP: either there is a partial defect in the adenyl cyclase system of bone in this syndrome or some but not all of the effects of PTH on skeletal tissue are mediated through the adenyl cyclase system. It has been demonstrated previously that some degree of PTH responsiveness may occur in some patients with PHP but not in others (21) (22) (23) (24) (25) (26) . Indeed, some patients develop osteitis fibrosa cystica presumably as a result of secondary increases in circulating parathyroid hormonie (22, 27) . In any event, it should be stressed that the hypothesis indicating that the skeletal and renal defects are similar has yet to be proved.
Pseudohypoparathyroidism and Dibutyryl Cyclic AMP 2c
Chase, Melson, and Aurbach (4) demonstrated that PTH given acutely did not increase urinary cyclic AMP in patients with PHP. In 9 of 13 such patients there was no response. In the other four patients, the response was barely discernible. In contrast, PTH readily increased urinary cyclic AMP in HP. In the present studies, urinary cyclic AMP did not increase in response to PTE in the three patients with PHP even when it was given in rather large doses for 3 days but urinary cyclic AMP readily increased in the two patients with surgical HP. These results taken together provide further evidence that a demonstration that PTE or PTH does not augment urinary cyclic AMP is the best available means for establishing the diagnosis of PHP. Again, it is to be emphasized that increases in urinary cyclic AMP after PTE or PTH are derived almost entirely from the kidney (10, 11) . The test may be of particular help when patients are only partially refractory to PTE as regards their calcium and phosphorus metabolism.
Finally, urinary "cyclic AMP" increased when dibutyryl cyclic AMP was given. Recovery of the administered nucleotide as urinary "cyclic AMP" ranged from 2.3 to 7.6%. The assay utilizes the binding affinity of rabbit muscle kinase for cyclic AMP (6) . The affinity of the kinase for monobutyryl cyclic AMP is 1/5th and for dibutyryl cyclic AMP is 1/250th that for cyclic AMP. Since the preparation which was administered contained no detectable cyclic AMP or monobutyryl cyclic AMP on thin-layer chromatography (see Meth- ods), it is likely that dibutyryl cyclic AMP was converted to monobutyryl cyclic AMP or cyclic AMP in vivo. It has been reported that an esterase in dog liver removes the acyl group in the 2'-0 position (28) .
Studies of the metabolism of dibutyryl cyclic AMP in man utilizing 'H-dibutyryl cyclic AMP are in progress in this laboratory.
The means by which PTH and cyclic AMP exert their effects have not been determined. Preliminary evidence suggests that the action of cyclic AMP in mediating PTH effects on the kidney may be through activation of a kinase (29) . The (30) . It could act by inhibiting phosphodiesterase (31) which would allow accumulation of endogenously generated cyclic AMP. The latter explanation is difficult to accept in the case of PHP unless it is assumed that there is some cyclic AMP in cells normally responsive to PTH which is derived from an adenyl cyclase system other than the defective one.
